The effects of intraaortic balloon counterpulsation (IABC) on the magnitude and severity of myocardial ischemic injury were studied in 19 dogs following acute coronary occlusion and in two patients with cardiogenic shock. In the experimental group, epicardial electrocardiograms were taken from 10-14 sites on the anterior surface of the left ventricle following occlusion of the left anterior descending coronary artery or its apical branch. The average S-T-segment elevation (ST) was used as an index of the magnitude of myocardial ischemic injury. In six dogs, two successive 20-min occlusions were performed, and IABC was started prior to the second occlusion. ST 15 min following occlusion decreased from 3.3 + 0.9 mv after the control occlusion to 1.4 0.4 mv (P < 0.01) after the occlusion with IABC. In three dogs in which the occlusion was maintained and IABC initiated 30 min later, ST decreased from 1.2 to 0.6 mv. In six dogs in which IABC was started 3 hours after occlusion, it induced a reduction of ST from 4.2 1.1 to 2.8 1.0 mv (P < 0.01). In four dogs, ischemic injury was augmented by isoproterenol infusion (0.25 ,ug/kg/min), and while continuing the infusion IABC was initiated. It reduced ST from 8.0 + 1.9 to 5.7 1.8 mv (P < 0.05). Thus, IABC reduced the magnitude and extent of myocardial ischemic injury after experimental coronary occlusion, both when IABC was employed prior to, and 3 hours following, coronary occlusion. IABC was also effective in reducing myocardial ischemic injury which had been increased by isoproterenol infusion. Employing a noninvasive technic, which utilizes 35 electrodes on the thorax, the effects of IABC were examined in two patients with cardiogenic shock associated with acute myocardial infarction. Preliminary observations in these patients confirmed the experimental results indicating that IABC reduced myocardial ischemic injury.
dogs, anesthetized with sodium thiamylal (25 mg/kg). A left thoracotomy was performed through the fifth intercostal space, and the heart was suspended in a pericardial cradle. The left anterior descending coronary artery or one or two of its branches were dissected free from the adjacent tissue and occluded intermittently or permanently with a Schwartz intracranial clamp. Pressure in the aortic arch, proximal to the balloon, was monitored through a catheter introduced into the left carotid artery, and the distal aortic pressure was measured through a catheter introduced into the left femoral artery. The left jugular vein was used for administration of drugs.
A catheter-mounted intraaortic balloon, 20 cm long and 1.1 cm in diameter, was introduced through the right femoral artery and positioned so that its tip was located immediately distal to the aortic arch at the origin of the left subelavian artery. The balloon was inflated with 8-10 cc of helium using the model IABP-7 counterpulse pump,* as described elsewhere.9 Accurate synchronization of balloon inflation and deflation was based on the arterial pressure waveform proximal to the balloon. The area of acute myocardial ischemic injury was characterized by the area of S-T-segment elevation obtained by epicardial electrocardiography, as previously described.7 Briefily, the technic consists of recording unipolar leads from the epicardium using a saline-soaked cotton wick exploring electrode. 4 , right), when these indices were compared just before and 15 min after the IABC began. The average ST deoreased from 4.2 + 1.1 to 2.8+1.0 mv (P < 0.01), and the average NST fell from 6.5 ± 1.0 to 3.7 ± 1.4 (P < 0.01), while mean arterial pressure and heart rate did not change significantly (from 108 + 5 to 110 ± 6 mm Hg and from 157 + 11 to 154 ± 10 beats/min). The resumption of IABC also increased mean aortic pressure and lowered pulmonary artery wedge pressure ( fig. 6 ). This patient maintained a reasonable hemodynamic state during the IABC (cardiac index 2.61 liters/min/m2; peak arterial pressure during counterpulsation 90 mm Hg; urinary output 35 ml/hr). Coronary cineangiography disclosed threevessel disease, and a double saphenous veincoronary artery bypass was performed. The patient expired 12 hours after operation. TIME (min) Figure 5 An example of the influence of isoproterenol and IABC on ST. Note increase in ST following isoproterenol infusion, the decrease with the beginning of IABC, and its increase when the IABC was discontinued. Figure 6 An example of the effects of IABC on a hypotensive patient (W. W.). IST sum of S-T-segmen.t elevations (1 mm = 0.1 mv); NST = number of sites that showed S-T-segment elevation higher than 0.1 mv; PA wedge pressure = pulmonary artery wedge pressure recorded through a Swan-Ganz catheter; AP = mean pressure in the ascending aorta; shaded bars represent periods of IABC.
and the recognition of the infarct. During this time interval hemodynamic alterations, such as the development of arterial hypotension and tachyarrhythmias, may profoundly affect the size of the infarct.7 Therefore, the shorter this time interval, the less the likelihood that such hemodynamic alterations might alter the size of the infarct. Because of the disadvantages of the earlier met-hods, as outlined above, we selected the epicardial electrocardiographic technics for estimating the magnitude of ischemic injury. 7 This method has been demonstrated to be highly reproducible, permits the use of each dog as its own control (thus obviating the problem of variations in distribution of coronary vessels), and allows measurements of the injured area within minutes after occlusion. The reliability of this method has been substantiated by biochemical, histologic, ultrastructual, and histochemical studies.7' 10 The results of the present investigation show clearly that IABC exerts a beneficial effect on the size of the zone of ischemic fig. 6 ).
In conclusion, IABC significantly reduced the magnitude and extent of acute myocardial ischemic injury when used as pretreatment or up to 3 hours after coronary occlusion in normotensive animals. This might be expected from the decrease in myocardial oxygen consumption and increase in coronary blood flow which were induced.20 It 
